Plastic η factor is adopted to account for crack tip plasticity while evaluating the fracture toughness of the materials as per ASTM E1820. It is valid only for homogeneous materials. The plastic η factor for Compact Type (C(T)) geometry with type 316LN stainless steel weld has been evaluated based on elastic-plastic FE analysis. The incremental elastic-plastic material model with various values for strength mismatch ratio (M) i.e. ratio of yield strength of weld metal to that of base metal, from 1.2 to 2.2 have been considered. The weld width (h) parallel to the crack plane is varied from 4 mm to 16 mm. The η values thus obtained are analyzed and the inferences are discussed.
INTRODUCTION
eld joints are more likely to contain flaws or defects. The fracture toughness of weldment under the influence of base material strength is an essential input for integrity assessment of welded structures. J-integral as a measure of fracture toughness is generally determined according to ASTM E1820. It is a fracture characterizing parameter based on non-linear elastic material model applied to elastic-plastic materials. The J-integral is divided into elastic (linear), Je and plastic (non-linear), Jp components. The elastic component of J ( ), where η is a geometry normalizing parameter to account crack tip plasticity i.e. spread of plastic zone around the crack tip. It is influenced by geometry of the test specimen. For compact tension (CT) specimens, ASTM has adopted an expression (eqn. 1) as obtained by Landes and Clarke [1] .
This expression is valid for specimens made of homogenous material. Wang and co-authors [2] proposed CTOD equations expressed in terms of weld height, mismatch level and strain hardening rate for specimens made of non-homogeneous and strain hardening materials. Smith [3] , Panontin and co-authors [4] , Cassanelli and co-authors [5] , Kim and co-authors [6] , Davies and co-authors [7] , have proposed analytical and numerical solution to η expression for even match (M=1) C(T) specimens but varying strain hardening exponent. Xuan and co-authors [8] and Marie & Nedelec [9] have performed FE based analysis for various mismatch factors from 0.25 to 2 and 2.3 respectively. A literature review of η solution for C(T)specimen in tabular form is provided by H. Zhou and co-authors [10] . They have analyzed the influence of mismatch factor, weld height, material hardening exponent and a/W ratio effect on η solution. ASTM Type 316LN stainless steel is a major structural material for fast breeder reactor being commissioned at Kalpakkam, India. The M value for 316LN weld is found to vary across the weld thickness [11] and found to be as high as 2.2. In the present study, plane strain FE analysis have been carried out to assess the η factor for C(T) geometry with weld width to specimen width ratio, h/W varying from 0.08 to 0.32 and crack depth to width ratio, a/W varying from 0.45 to 0. J-integral consists of an elastic component and a plastic component.
where
F
As per Ernst et al. [12, 13] , if limit load (PL)can be expressed in terms of independent functions of crack length (a) and load-
Assuming the material behavior to be ideal plastic, Chattopadhyay et al. [14] proposed η as
knowing PL, the eq. (6) issued for heterogeneous C(T) specimens. PL could be evaluated by analytical solutions available in open literature [15] or Twice elastic slope (TES) / Twice elastic deflection (TED) or FE based yield contour (FYC) plot across the ligament. In present study P L has been obtained (i) based on TES method from FEM simulated load-displacement plots and (ii) FE-yield contour plot across the ligament of C(T) specimen. 2) has been carried out using ABAQUS. Loading pins of the specimen are modeled as rigid bodies and loaded by applying displacement while all other motions of the pins are restrained. Surface-to-surface contact with a finite-sliding formulation is defined between the pins and the specimen hole. A typical C(T) geometry mesh model with constraints highlighted is shown in Fig.  2 . As per ASTM E1820, high stress triaxiality at crack tip is ensured in C(T) specimens by side grooving. Hence in the present study the analysis is restricted plane strain (CPE4) condition. Elastic-perfect plastic simulations have been carried out to evaluate limit load for homogeneous C(T) specimens with a/W ratios (0.45, 0.5, 0.55, 0.6, 0.65 and 0.7). Flow stress of 410 MPa has been input for analysis. The limit load obtained using analytical formula, Twice Elastic Slope (TES) and FE based Yield Contour (FYC) approaches are compared. FYC is obtained using AC Yield parameter in ABAQUS which provides the extent of yielding of various elements. The PL values are shown in Fig. 3 . It is observed that the PL values based FYC are in good agreement with those obtained from TES and analytical solutions. Therefore, the FEM procedure adopted to evaluate the limit load could be extended to the heterogeneous C(T)specimens. Towards this, Elastic-plastic simulations have been carried out for C(T)specimens with weld width as shown in Fig. 4 . The yield stress, UTS and % elongation obtained from all weld tensile test is 462 MPa, 658 MPa and 28% elongation respectively. Based on these values a bi-linear true stress-plastic strain data generated considering identical hardening behaviour for all M values as shown in Fig. 5 is used as material model input. A typical FYC corresponding to the limit load obtained for weld specimen with h/W = 0.08, a/W = 0.5, M = 1.6 is shown in Fig. 6(a) and for h/W = 0.32, a/W = 0.7, M = 2.2 is shown in Fig. 6(b) . For a given load line displacement, the spread of yield contour is attributed to M and h, in case of specimen with M=1.6 and h=4 mm, the yield contour crosses the interface boundary and spreads to base material to a larger area compared to specimen with M=2.2 and h=16 mm. Figs. 7(a)and 7(b) . These values are fitted to a second order polynomial. As per the eqn. 6, η values are calculated for all configurations of C(T)specimens. For the homogeneous C(T)specimens, the calculated η values are in close agreement of ±4% with ASTM proposed η values as given eq. (1). Similar observation has been reported by Zhou and co-authors [10] . The estimated η values for various configurations of weld C(T)specimen are given in Table 1 . 
RESULTS AND DISCUSSION

CONCLUSION
he following important conclusions are drawn based on present study. 1. A validated finite element analysis yield contour (FYC) approach based on elastic-plastic material model is used to estimate limit load. 2. The plastic η factors for various configurations of C(T) specimen with weldment parallel to crack plane has been proposed to evaluate plastic J-integral. 3. For smaller strength mismatch ratio, M≤1.4 the variation of mean η value is 2.2 to 1.93 hence evaluating configuration specific plastic η factor may not influence severe on J-estimation. 4. For larger values of M>1.4 the plastic η factor vary from 2.16 to 1.68, hence the values are C(T) configuration specific.
